as fibroblasts, pericytes and sometimes adipocytes, which are discussed in detail below. These cells are frequently distinguished by cell-type-specific markers, which are often cell surface molecules. An excellent summary of some of these is given by Joyce and Pollard (Joyce and Pollard, 2009) , and some of the commonly used and most informative markers will be detailed below.
T lymphocytes
There are many different T cell populations within the TME that infiltrate the tumor areas, at the invasive tumor margin and in draining lymphoid organs. Among these, cytotoxic CD8+ memory T cells (CD8 + CD45RO + ), which are normally antigen 'experienced' and capable of killing tumor cells, are strongly associated with a good prognosis (Fridman et al., 2012) . CD8 + T cells are supported by CD4 + T helper 1 (TH1) cells, which are characterized by the production of the cytokines interleukin-2 (IL-2) and interferon gamma (IFN-c); high numbers of these in the TME also correlate with a good prognosis (Fridman et al., 2012) . Other CD4 + cell populations, such as TH2 cells producing IL-4, IL-5 and IL-13, which support B cell responses, or TH17 cells, producing IL-17A, IL-17F, IL-21 and IL-22 that favor antimicrobial tissue inflammation, are generally thought to promote tumor growth (Fridman et al., 2012) , although they have also been associated with a favorable outcome, as in the case of TH2 cells in breast cancer (Yoon et al., 2010) and TH17 cells in esophageal cancers (Lv et al., 2011) . The CD4 + T cells most often described as tumor promoting are the immunosuppressive T regulatory cells (Tregs), which are characterized by expression of FOXP3 and CD25 (Hsieh et al., 2012) . Constitutive and induced Tregs exert an immune suppressive function through the production of IL-10, transforming growth factor beta (TGF-b) and cell-mediated contact through cytotoxic T-lymphocyte antigen 4 (CTLA4), inhibiting recognition and clearance of tumor cells by the immune system (Campbell and Koch, 2011) . High numbers of Tregs in the TME correlate with worse prognosis in many types of cancer (Bates et al., 2006; Curiel et al., 2004; Hiraoka et al., 2006) . Tregs can also be tumor suppressive as in some B cell cancers; their presence in Hodgkin's Lymphoma correlates with a good prognosis, presumably through a direct suppression of tumor cell growth (Fozza and Longinotti, 2011; Koreishi et al., 2010; Tzankov et al., 2008) .
cd T lymphocytes have some characteristics of innate rather than adaptive immune cells and show potent cytotoxic activity against a wide range of malignant cells, including cancer stem cells (Gomes et al., 2010; Hannani et al., 2012) . Although experimental animal cancer studies suggest they exert immune surveillance activity, it is not yet certain whether the presence of cd T cells in the TME reflects a good or bad prognosis.
B lymphocytes
B cells can be found at the invasive margin of tumors, but are more common in draining lymph nodes and lymphoid structures adjacent to the TME. B cell infiltration into the TME is associated with good prognosis in some breast and ovarian cancers (Coronella et al., 2001; Milne et al., 2009) ; however, this is in contrast to mouse models, in which B cells inhibit tumor-specific cytotoxic T cell responses (Qin et al., 1998) . More recent data support a tumor-promoting role for B cells and immunoglobulin deposition in a genetic mouse model of skin cancer (Andreu et al., 2010; de Visser et al., 2005) . An immunosuppressive population of IL-10-producing B cells, known as regulatory B cells (Bregs) or B10 cells (Mauri and Bosma, 2012) , increases tumor burden and inhibits tumor-specific immune responses in inflammation-induced skin cancer (Schioppa et al., 2011) , and also appear to favor lung metastasis in a mouse model of breast cancer (Olkhanud et al., 2011) . Bregs also inhibit the clearance of tumor cells by anti-CD20 antibodies in a mouse model of lymphoma (Horikawa et al., 2011) . However, none of these effects are due to Bregs infiltrating the TME; instead they appear to affect other immune cells in the surrounding lymphoid tissue or in the draining lymph node (Schioppa et al., 2011) , as well as modulate the activity of myeloid cells (Andreu et al., 2010) . It remains to be established if B cells and Bregs in particular have similar roles in human cancers.
NK and NKT cells
Innate cytotoxic lymphocytes, natural killer (NK) cells and natural killer T (NKT) cells, also infiltrate the tumor stroma, but are not found in contact with tumor cells. For many cancers, such as colorectal, gastric, lung, renal and liver, they appear to predict a good prognosis . However, although they are present in the TME, NK cells might not be able to exert their tumor-killing function. A number of studies reported that NK cells in the tumor stroma have an anergic phenotype that is induced by malignant cell-derived transforming growth factor beta (TGF-b) (Fridman et al., 2012) .
Tumor-associated macrophages
Tumor-associated macrophages (TAMs) are abundant in most human and experimental murine cancers and their activities are usually pro-tumorigenic (Qian and Pollard, 2010) . According to Condeelis and Pollard, TAMs are obligate partners for malignant cell migration, invasion and metastases (Condeelis and Pollard, 2006) . Most TAMs have an IL-10 high , IL-12 low phenotype with expression of the mannose receptor and scavenger receptor class A (SR-A, also known as SCARA) (Biswas and Mantovani, 2010; Mantovani, 2011; Mantovani et al., 2002) . There is pre-clinical and clinical evidence that an abundance of TAMs in the TME is associated with poor prognosis (Bingle et al., 2002) . Additionally, gene array studies in follicular lymphoma demonstrate that the expression of genes that are associated with a strong 'macrophage' signature confers a poor prognosis, independent of other clinical variables (Dave et al., 2004) .
Macrophages are major contributors to tumor angiogenesis (Lin et al., 2006; Zumsteg and Christofori, 2009 ). Transcriptional profiling on high-density oligonucleotide arrays of TAMs shows that they are highly enriched in transcripts that encode angiogenic molecules (Ojalvo et al., 2010) . Comparison of TAM transcriptomes with available clinical databases shows that these transcriptional signatures are predictive of survival (Ojalvo et al., 2010; Zabuawala et al., 2010) .
The bidirectional interaction between macrophages and the tumor microenvironment shapes their phenotype and response to the environmental conditions. Tumor hypoxia is important, because many TAMs accumulate in hypoxic and/or necrotic areas of tumors. It is thought that these areas attract TAMs by releasing hypoxia-induced chemoattractants, such as vascular endothelial growth factor (VEGF), endothelins and endothelial-monocyteactivating polypeptide II (EMAP2, also known as AIMP1) (Murdoch et al., 2004) . A distinct, hypoxia-induced pro-angiogenic human macrophage phenotype has been identified (Burke et al., 2002; White et al., 2004) .
Myeloid-derived suppressor cells
Myeloid-derived suppressor cells (MDSCs) are currently defined as a population of inhibitory immune cells that are increased in numbers in a variety of mouse and human cancers (Gabrilovich et al., 2012; Sica and Bronte, 2007) . The characterization of human MDSCs is difficult as their phenotype is quite variable. Indeed, they can even differentiate into TAMs (Kusmartsev et al., 2005; Kusmartsev et al., 2004) . Murine and human MDSCs inhibit CD8 + T cell activation through the expression of nitric oxide synthase 2 (NOS2) and arginase (ARG1) (Bronte et al., 2003) . They also induce the development of Tregs (Huang et al., 2006) and the polarization of macrophages to a TAM-like phenotype (Sinha et al., 2007) .
Dendritic cells
Dendritic cells (DCs) have important functions in antigen processing and presentation (Gabrilovich et al., 2012) . The DCs that are found in the TME are thought to be defective, that is, they cannot adequately stimulate an immune response to tumor-associated antigens. The hypoxic and inflammatory microenvironment of the TME further impairs DC function to activate immune function, and some DCs have been found to suppress T cell responses at the tumor site. Two recent studies designate ZBTB46 as a new transcription factor that is specifically expressed in all classical human and murine DCs (Meredith et al., 2012; Satpathy et al., 2012) . This work suggests that DCs are a unique immune cell lineage and will help in our understanding of DCs in the TME.
Tumor-associated neutrophils
The contribution of tumor-associated neutrophils (TANs) to primary tumor growth and metastasis is somewhat controversial. There is evidence that neutrophils promote primary tumor growth in mouse cancer models (Pekarek et al., 1995) and have a pro-tumorigenic effects by enhancing angiogenesis (Nozawa et al., 2006; Shojaei et al., 2008) , increasing degradation of the extracellular matrix (ECM) (De Larco et al., 2004) and immune suppression (Youn and Gabrilovich, 2010) . Furthermore, CD11b+ bone-marrow-derived cells, a heterogeneous myeloid cell population, have been associated with priming of the premetastatic lung and enhanced seeding of circulating tumor cells Yan et al., 2010) . By contrast, an antitumor function of these cells has been observed following immunological (Hicks et al., 2006) or cytokine activation (Colombo et al., 1992) . Under these conditions, neutrophils can actively eliminate disseminated tumor cells (Granot et al., 2011) , as well as indirectly through inhibition of TGF-b (Fridlender et al., 2009 ).
Cancer-associated fibroblasts
When tissues are injured, residential fibroblasts differentiate into myofibroblasts in response to paracrine signals . The induction of myofibroblasts can also cause organ fibrosis, which enhances the risk of cancer development (Desmoulière et al., 2004; Radisky et al., 2007) . Myofibroblasts are abundant in many TMEs and are also called cancer-associated fibroblasts (CAFs) (Sugimoto et al., 2006) . CAFs can derive from multiple resident precursors, such as endothelial cells, smooth muscle cells and myoepithelial cells, or mesenchymal stem cells (Brittan et al., 2002; Spaeth et al., 2009; Tomasek et al., 2002; Willis et al., 2006) .
CAFs secrete growth factors, such as the EGF family members hepatocyte growth factor (HGF), fibroblast growth factor (FGFs) and insulin-like growth factor 1 (IGF1), which are mitogenic for malignant cells (Brittan et al., 2002; Spaeth et al., 2009; Tomasek et al., 2002; Willis et al., 2006) . TGF-b from fibroblasts induces epithelial-mesenchymal transition (EMT) in malignant cells and contributes to the immune-suppressive microenvironment (Erez et al., 2010) . Fibroblast-produced CXCL12 chemokine can promote growth and survival of malignant cells and also has chemoattractant properties that stimulate the migration of other stromal cell types and their progenitors into the TME (Orimo et al., 2005) . In mouse models of skin, breast and pancreatic tumors, CAFs express a proinflammatory gene signature, which contributes to the support of tumor growth by enhancing neovascularisation and the recruitment of immune cells (Orimo et al., 2005) . These tumor-promoting effects are abolished upon inhibition of the transcription factor NF-kB, suggesting that, in stromal cells, this inflammatory signaling pathway has an important function in tumor progression (Erez et al., 2010) . Another major contribution of fibroblasts to the composition of the TME is their secretion of ECM components and of ECM remodeling enzymes (Erez et al., 2010) .
In some cancers, CAFs are arranged in fibrovascular cores that branch throughout the tumor mass, whereas in others, they surround the malignant cells with dense desmoplastic stroma that can occupy the majority of the space and thus restrict the ability of anti-cancer drugs to reach the malignant cell target. An increased density of CAFs is often seen at the invasive front of a tumor (Erez et al., 2010) .
A recent study investigated the impact of deleting cells that are positive for the fibroblast marker fibroblast activation protein-a (FAP) in tumor-bearing mice (Kraman et al., 2010) . Depletion of these cells induced tumor necrosis that was mediated by IFN-c and TNF-a, and the authors also showed that FAP-positive TME cells are important mediators of immune suppression (Kraman et al., 2010) .
Adipocytes
In some cancers, for instance intraabdominal tumors that metastasize to the omentum, adipocytes actively aid the recruitment of malignant cells through the secretion of adipokines and also promote the growth of malignant cells by providing fatty acids as fuel for the cancer cells (Nieman et al., 2011) .
Vascular endothelial cells
Many soluble factors present in the TME, such as VEGFs, FGFs, platelet-derived growth factors (PDGFs) and chemokines stimulate endothelial cells and their associated pericytes during the neovascularization that is needed for cancer growth (Carmeliet and Jain, 2011) . When a quiescent blood vessel senses an angiogenic signal from malignant or inflammatory cells, or owing to hypoxic conditions in the TME, angiogenesis is stimulated and new vessels sprout from the existing vasculature (Carmeliet and Jain, 2011) . The tumor vasculature is abnormal in almost every aspect of its structure and function (Jain, 2005) . For example, blood vessels are heterogeneous with chaotic branching structures and an uneven vessel lumen, and are leaky. The leakiness of the vessels raises the interstitial fluid pressure causing unevenness of blood flow, oxygenation, nutrient and drug distribution in the TME. This, in turn, increases hypoxia and facilitates metastasis. VEGF (also known as VEGFA) is the predominant angiogenic factor in the TME and is produced by both malignant cells and inflammatory leukocytes; however, advanced tumors can produce a range of other angiogenic factors that can substitute for VEGF (Carmeliet and Jain, 2011) .
Pericytes
Perivascular stromal cells, known as pericytes, are an integral component of the tumor vasculature that provide structural support to blood vessels (Armulik et al., 2011) . Clinical studies, for example in bladder and colorectal cancer (O'Keeffe et al., 2008; Yonenaga et al., 2005) , suggest that low pericyte coverage of the vasculature correlates with poor prognosis and increased metastases. An explanation for the association of pericyte coverage with poor prognosis has come from a recent study, in which pericyte depletion in mouse genetic models suppressed primary tumor growth, but increased hypoxia, EMT and MET receptor activation (Cooke et al., 2012) . Pericyte depletion in these mouse experiments also enhanced metastasis, the authors further showed that low pericyte coverage coupled with activation of the MET receptor correlated with a poor prognosis in women with invasive breast cancer (Cooke et al., 2012) . Hence 'normal' pericyte coverage of the tumor vasculature might act as a key negative regulator of metastases.
Lymphatic endothelial cells
Tumors drive lymphangiogenesis or lymphatic hyperplasia through the production of VEGFC or VEGFD (Alitalo, 2011) . Although tumor cells can invade existing lymphatic vessels, if malignant cells or macrophages secrete high levels of VEGFC or VEGFD, the TME will have extensive lymphatic vessel sprouting, enlargement of collecting lymph vessels and lymph node lymphangiogenesis. Lymphatic endothelial cells in the TME and lymphatic vessels formed by them have an important function in the dissemination of malignant cells, there is emerging evidence that they also affect the progression of cancer by mechanically modulating the TME and by altering the host immune response to the tumor (Swartz and Lund, 2012) .
The ECM of the tumor microenvironment The ECM provides not only a physical scaffold for all cells in the TME but also has a dynamic role in the evolution and spread of cancers, especially as the adhesion of a cell to the ECM is key to its movement out of and into the TME. The ECM also contains key growth factors, such as angiogenic factors and chemokines, that interact with cell surface receptors and give each tissue its tensile and compressive strength and elasticity [see the recent poster article on the ECM (Frantz et al.,  2010) ]. Tumors are typically stiffer than the surrounding normal tissues owing to an increased ECM deposition by CAFs (Weigelt and Bissell, 2008) . Collagen and elastin fibers are reorientated and cross-linked by lysyl oxidase (LOX) and transglutaminase present in the TME, resulting, for example, in larger, more rigid fibrils (Levental et al., 2009) . Matrix metalloproteases (MMPs) that degrade ECM proteins are secreted and activated by malignant cells, TAMs and CAFs. MMPs further remodel the ECM, thereby also releasing chemokines and growth and angiogenic factors. Other proteases that are upregulated in the cells of the TME include a large family of cysteine proteases, the cathepsins. Cathepsin L, for instance, processes and activates heparanase, thereby aiding metastasis, angiogenesis and inflammation (Edovitsky et al., 2004; Lerner et al., 2011) .
Targeting the tumor microenvironment Although there might be heterogeneity in the composition of the TME as discussed above, the common features of many TMEs suggest that targeting the cells that are present, or mediators of their communication have applications across different tumor types and could also complement other treatment options. Indeed, clinical trials with anti-CTLA4 antibodies and other immunotherapy approaches, for instance, are being conducted in several types of advanced cancer (Mellman et al., 2011) . Angiogenesis inhibitors, as well as multi-targeted tyrosine kinase inhibitors that impact on VEGF signaling pathways, have been approved for clinical use in a variety of human cancers (Carmeliet and Jain, 2011) .
There is a wide range of pre-clinical and clinical approaches aimed at eliminating or reprogramming myeloid cells in the TME (reviewed by Gabrilovich et al., 2012) . The tumor ECM might also be a target, especially to increase the response of a tumor to chemotherapy by increasing the access of drugs to the tumor (Provenzano et al., 2012) . Finally, our understanding of cancer-related inflammation has reached a point where knowledge is being translated into clinical trials, sometimes using agents that are already under investigation in inflammatory diseases, such as therapeutic antibodies (Balkwill and Mantovani, 2010; Hanahan and Coussens, 2012; .
Perspectives
The non-malignant cells of the TME can comprise .50% of the mass of primary tumors and their metastases, but there are still many unanswered questions regarding their biology and function. We know little about evolution of the TME during cancer progression and treatment. It is now clear that in both hematological cancers and solid tumors there is Darwinian evolution of malignant cells, leading to heterogeneous mutations within single tumors and at different sites of metastasis (Yap et al., 2012) . This raises important questions, such as is there a similar heterogeneity in the other TME constituents? Is the TME of metastases different from that of matched primary tumors? Can the composition of the TME be modulated by oncogenic mutations? Certainly in breast cancers there is heterogeneity in both malignant and stromal gene-expression signatures (Bertos and Park, 2011) . It is also still not clear whether tumors at different sites in the body have a different TME composition, but we do know that there are important differences in the TME between different cancers, both murine and human (e.g. Bertos and Park, 2011) . In addition, an aging immune system could have a more tumor-promoting phenotype.
Although VEGF inhibitors, such as bevacizumab, extend disease-free interval in a variety of advanced human cancers, it has been difficult to determine their impact on overall survival, mainly because the hypoxia that is induced by VEGF blockade switches on a more invasive and metastatic program in the malignant cells. In addition, the TME might also evolve to produce other angiogenic factors. Hence, targeting the TME could also stimulate further evolution of the cancer and its resistance to treatment.
We now recognize that cancer chemotherapy and radiotherapy do not just target malignant cells, but that their actions on the TME contribute to success or failure of the treatment. In mouse cancers and clinical trials, there is evidence that chemotherapy is most successful when it causes a form of cell death that stimulates an anti-tumor immune response (Galluzzi et al., 2012) . Conversely, chemotherapy stimulates a rapid increase in the infiltration of innate cells into the damaged TME. The addition of chemokine and cytokine receptor antagonists, or of matrix metalloprotease inhibitors might therefore increase the effectiveness and toxicity profile of traditional chemotherapy (DeNardo et al., 2011; Nakasone et al., 2012) .
The importance of the TME in designing new cancer treatment regimes is now apparent. Targeting several different aspects of the TME during cancer treatment might allow us to reach a 'tipping point' where its tumor-promoting and suppressive immune system is disabled or reprogrammed, its chaotic blood supply is normalized or destroyed, and as malignant cells are destroyed, new antigens are uncovered that are recognized by the reawakened immune system.
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